Two of the main drawbacks to be overcome before full scale implementation of boron-doped diamond electro-oxidation were addressed in this work; its energy consumption and hazard of formation of chlorinated organics. This was framed within a study in which the technical and economic feasibility of BDD electro-oxidation of landfill leachate was evaluated at pilot scale.
INTRODUCTION
Enforcement of stringent environmental laws has driven researchers to develop various alternative processes such as electrochemical oxidation, wet oxidation, ozonation and fenton oxidation for the efficient treatment of various kinds of low biodegradable wastewaters. In particular, electrooxidation by means of boron-doped diamond anodes (BDD) has proved to be an efficient alternative (Polcaro et al. 2009 ). Boron-doped diamond is an electrode material with outstanding properties such as high chemical inertness, dimensional stability and wide working potential window. Upon anodic polarization, the decomposition of water molecules can lead to the appearance of hydroxyl radicals which mediate the oxidation processes in the vicinity of the electrode surface.
Oxidation of model substances such as phenol, oxalic acid, and dyes has been extensively studied although nowadays, attention is shifting towards the treatment of real wastes. Most of these studies have been performed on a laboratory scale where BDD electro-oxidation has proved to be an alternative for the removal of non-biodegradable and/or toxic organic pollutants and ammonia nitrogen (Cabeza et al. 2007; Polcaro et al. 2009 ). These encouraging results have prompted researchers to implement this technology at pilot scale (Rü diger et al. 2007; Serikawa et al. 2009 ). In particular, in a previous study performed by this research group, a pilot plant with a total anode area of 1 m 2 was used to treat landfill leachate Another pending issue is the risk of formation of chlorination by-products. It should be kept in mind that although the presence of chloride in the landfill leachate improves the oxidation of ammonia due to enhanced indirect chlorine/hypochlorite production efficiency, it also increases the hazard of formation of chlorinated organics.
Thus, the aim of this study was to evaluate the energy consumption during the electrochemical oxidation of landfill leachate at a BDD pilot plant and to evaluate the applicability of this technology by comparing its operation results and treatment costs with those obtained with conventional biological treatment and a commonly used AOP. The effect of current density was studied and the formation of chlorinated by-products during the electrochemical process was evaluated.
METHODS

Landfill leachate
The landfill leachate used in this study was collected Table 1 .
As can be seen, the biological process proved to be inefficient. The generated effluent, with an average concentration of COD (860 mg/L) and ammonium (780 mg/L) is above the disposal limits. Also, the landfill leachate presents a high value of the electrical conductivity, due to the high concentration of chloride anions, permitting the application of electrochemical oxidation without the addition of more electrolytes.
Electrochemical system
The electrochemical system used in the laboratory is comprised of a circular boron-doped diamond anode and a stainless steel cathode with a surface area of 70 cm 2 each and an inter-electrode gap of 5 mm. The feed is circulated from a reservoir to the cell and back in a closed loop, using a recirculation flowrate of 11 L/min. Other experimental details can be found in a previous work (Cabeza et al. 2007 ).
The elements of the pilot plant can be grouped in three sectors: the feeding system, the electro-oxidation unit, and the power supply, instrumentation, and control unit.
The feeding system includes a tank of 750 L and three pumps that feed the electrolyte to be treated into three parallel fluid lines. At the bottom of the tank there is a refrigeration coil that is used with rain water. As the fluid leaves the tank it is distributed in three treatment lines disposed in parallel. Each line consists of five sets, A schematic diagram of the experimental system can be found in a previous work ).
Procedure
The experiments were performed under the galvanostatic state in discontinuous mode. A volume of 250 L of biologically pretreated leachate was treated in each experiment.
In all cases, the leachate was previously ultrafiltrated in a The same procedure was followed at laboratory scale but in this case the feed volume was 1 L and the recirculation flow rate was adjusted to 11 L/min/cell.
Analytical determinations
Chemical oxygen demand (COD) was determined by closed 
RESULTS AND DISCUSSION
Effect of current density
As expected, current density exerted a great influence on the performance of electro-oxidation ).
On one hand, an increase in current density brought about a reduction in the electrolysis time needed to reach the discharge limits for NH 
W ¼ QV ð1Þ
In Figure 1 , the variation of the cell potential with the specific electrical charge passed is shown. In all cases, the cell potential was almost constant during the electrochemi- 
Operation cost
In this study, the operation costs were estimated for an applied current density of 300 A/m 2 which is the current density for which the lowest energy consumption was obtained. Although a longer treatment time was needed when a current density of 300 A/m 2 was applied, it was still much lower than the hydraulic retention time ( 
Trihalomethane analysis results
The electrochemical oxidation of organic compounds in the presence of chloride can lead to the formation of chlori- 
CONCLUSIONS
In the present study the technical and economical feasibility 
